A rapid increase in climate researches by applying diverse methodologies and approaches in recent decades. These researches have directly or indirectly contributed in better understanding of climate issues, risks and vulnerabilities. It has improved awareness and capacities of the public and communities to adapt to the vulnerabilities and impacts. It, further, contributes in formulation of climate policies and plans to address climate risks and vulnerabilities at the local and national levels. Appropriate methodologies lead to better results in the researches. This paper has applied systematic review of the published papers (2010 -2017) to understand the general and specific research methodologies in climate discourse especially in Web of Science (WS), Springer Link (SL) and Science Direct (SD). Altogether, 37 journal papers (10 WS, 13 SL and 14 SD) were selected for the detail analysis based on the assessment of abstracts, which was mainly concentrated on research methodologies specializing in agriculture. In the process, the authors have analyzed the contents, research methodologies, data analysis, and geographical coverages. The analysis, further, concentrated on the scope and limitations of the research methodologies used. Wide-ranging research methodologies are found that are applied by the researchers in the climate change discourse. Some researchers have applied general research methodologies whereas others have used specific research methodologies and model analysis. Furthermore, it is comprehended that the combination of research methodologies and approaches through focus group discussion together with household survey and model analysis is the effective way for the research by using quantitative and qualitative data.
Introduction
The researches on climate change discourse are rapidly increasing in recent years because of increased climatic risks, vulnerabilities and impacts in all sectors at all levels (Lwasa, 2014) . These researches and assessments are focused at different levels and scales (from the global to the national and also to the local level) and sectors (such as agriculture, forestry, health and medicine, water, education etc.). Diverse methodologies have been applied in the researches and assessments that directly or indirectly contribute to the policy, awareness and identifying key issues relating to climate change and environment. Different research approaches (both qualitative and quantitative), frameworks, methodologies and tools/models have been applied to assess and analyze the climatic risks, vulnerabilities, impacts and also adaptations based on specific research issues and focuses (UNFCCC, 2004; Winkel et al., 2013) . Many of such researches have emphasized on adaptation to address the issues of climate change (Locatelli et al., 2008) . Berrange-Ford et al., (2015) further emphasized on importance of comprehensive syntheses of existing research methods and tools to evaluate process on adaptation and climate policies.
As defined by Intergovernmental Panel on Climate Change (IPCC), vulnerability is the degree of susceptibility of an environmental or social system to cope with adverse effects of climate change, variabilities and extremes. It requires integrated assessment across the range of disciplinary spheres and scales with assessment tools and frameworks (Antwi-Agyei et al., (2012) . Mostly top-down or scenario driven researches and approaches are prominent as compared to bottom up or vulnerability driven approaches, which is also taking momentum in climate change discourse in recent years (Locatelli et al., 2008) . It is more effective to combine top-down and bottom up approaches with scientific data, information and local knowledge, practices for detail assessment of the entire process. Devkota (2014) emphasized on the importance of scientific knowledge of changing climate as well as the perception, knowledge and practices of local people. Most of the researches are concentrated on assessments of the climatic risks, vulnerabilities and adaptations to address the short and long-term impacts. Furthermore, the researches on the adaptive capacity, institutional capacities, climate policies, research methodologies and approaches are quite common concentrating at the different levels and sectors (Lockwood et al., 2015) .
Appropriate methodologies and tools are the key for the success of any research. These researches, either at the community level or at the national level, use diverse methodologies, which provide the opportunities in sharing of knowledge, experiences and dialogues among the communities, researchers and other stakeholders based on set of guiding questions for analysis of data and information at different levels. Basically, these guiding questions help to examine the factors at the multiple levels using a variety of tools to gather information through a participatory process and collaborative learning. These researches contribute in designing effective climate change adaptation as well as integrating climate adaptation into livelihoods and natural resource management and overall development. This paper aims to review and analyze the research methodologies including participatory approaches and statistical/econometric models to guide the researches on climate change adaptation in agriculture in Nepal. It further analyzes the scope and limitations of these methodologies from academic point of view and unveils the research methodologies and tools for the research in adaptation in agriculture based on the research issues and questions.
Methodological Framework
The specific research framework is planned for this paper focusing on the methodologies commonly used in climate change researches mainly based on the papers published in Web of Science (WS), Springer Link (SL) and Science Direct (SD). The process ultimately help the fellow researchers to select the appropriate methodologies in the climate change researches with their specific research objectives and focuses. The specific research objectives and focuses could be related to climate change policies at the national and local level or assessment and analysis of climate risks, vulnerabilities and adaptation initiatives/interventions including needs and priorities of the communities at local level. The literature review, defining the research theme and inclusion/exclusion criteria are the initial steps of the systematic review followed by the systematic review of the published papers based on titles, contents and abstracts that leads to evaluation and analysis of selected papers and results interpretation and discussion (Figure 1 ). 
Research Methodology
This study is based on the systematic review and assessment of the research methodologies particularly concentrating on climate change adaptation in agriculture in the published papers in Web of Science (WS), Springer Link (SL) and Science Direct (SD) . The open accessed research papers were searched specifically in the WS, SL and SD respectively for systematic review. Prior to search the papers in the databases, the inclusion and exclusion criteria were defined considering the research focus and interest (Table 1) . These databases were chosen based on the popularity among the researchers and practitioners for the research on multiple issues and themes. The keywords "Research methodologies on climate change adaptation in agriculture" were used for the search and access the relevant papers in the selected database. The inclusion criteria for systematic search and review of the papers on these databases were open accessed journal papers in English on research methodologies concentrated in climate change adaptation in agriculture from the period of 2010 to 2017. The total numbers of papers found in the first search were 58, 544, and 562 in the WS, SL and SD respectively based on the inclusion criteria. The second search was more concentrated to climate change in agriculture within the selected papers, which reduced the number of papers to 41, 269 and 134 respectively. However, the papers related to mitigation, fisheries, winery, viticulture, energy and livestock, ecosystem services, water reservoirs and rural transportation were also found within the list. Thus, those papers were excluded from the list by reviewing the title of the papers. The review papers, book chapters, short communications are also excluded as well. Some of the review papers, abstracts and conference papers were also found during the detail review of the titles, thus discarded from the list as well. By clearance of the papers based on exclusion criteria, the number of papers has been reduced to 15, 30, and 25 respectively ( Table 2 ). The abstracts of these papers were reviewed to finalize the total number of papers for the detail systematic review and assessment of research methodologies on climate change adaptation in agriculture. Finally, 37 journal papers (10 from WS, 13 from SL and 14 from SD respectively) were selected for detail review and analysis based on the assessment of the abstracts, which was mainly concentrated on research methodologies specializing climate change adaptation in agriculture. In the process, the authors have analyzed the contents, research methodologies and tools adopted, data analysis, geographical coverages in the selected papers. The analysis further concentrated on the scope and limitations of the research methodologies in the research on climate change adaptation in agriculture.
Key Results and Discussion

Quantitative vs Qualitative Researches
The study found application of different research methods and tools in climate change in agriculture specific to the research focus and research interest. The results have shown that the researchers are highly motivated to quantitative data and model analysis than the qualitative analysis. Among the total research papers identified, 48.64% researches have focused on quantitative analysis. Only 27.02% have concentrated on qualitative research and rest (24.32%) have concerted on combination of quantitative and qualitative research. In terms of geographical coverage, 56.75% papers were concentrated at the national level whereas 24.32% were focused at the regional and sub-regional levels. Diverse methodologies, methods, tools and models have been used to analyze the climate data, trend and information for both quantitative and qualitative researches. It is complicated and challenging to understand and exchange the coherent arguments particularly on research methods used in climate change adaptation research. Hinkel and Bisaro (2015) also supported the complex and complications of the climate change researches with the multiple research methods and tools being used by the researchers. The arguments and debates on climate researches are centered on issues of quantitative versus qualitative data and research over the years. Some argued quantitative research is better and more scientific than qualitative research, whereas others believed that quantitative and qualitative researches are just different methodologies -neither is better than each other (Dawson, 2009 ).
Based on the research objectives and focuses, the researchers have focused different methodologies. For instance, some of the researches emphasized on general trend analysis, focus group discussion (FGD), household (HH) survey, assessment of seasonal variation, vulnerability and adaptive capacity assessment (VACA). Likewise, other researchers have applied the network analysis and farming system approach, spatial distribution, participatory and rapid rural appraisal tools. Some of the researchers have applied specific methodologies such as economic and bio-climate models, hydro-economic modeling, agriculture production systems simulation, land use allocation model, econometric and regression analysis (multinomial logit, ordinary least square (OLS) method, binary logistic regression model). Furthermore, other researches have concentrated on specific models and software for analysis such as simpson index of diversification & cropping intensity index, vegetation interface processes (VIP) based ecosystem model and weather research forecasting, decision support system for agro-technology (DSSAT) software, stochastic rainfall model combined with weather generator etc. There are some researches that have focused on agro-ecological zones, multi-criteria scoring methods, decision making models, and marginal rate of return (MRR) and willingness to pay, cost-benefit analysis (CBA), principal component analysis (PCA), expert opinion survey (EOS). Detail of the these research methods is available in Annex 1.
Mostly qualitative researches have applied comparatively general methodologies, conceptualization, case studies and integrated approaches whereas quantitative researches have applied specific tools and software such as STATISTICA, STATA and decision support software. Wenkel et al. (2013) emphasized on the progresses in the field of climate discourse with the use of geographical information systems (GIS), computer science, climate modeling and new data acquisition technologies. Mostly these simulations and modeling require up-to-date scientific knowledge and climate information from regional and global climate scenarios. However, these scientific models and analyses are complex and difficult for general public and communities to understand. The communities have own understanding and experiences of changing climate based on local knowledge and practices. Thus, combination of scientific and local knowledge on climate change minimizes gaps in model analyses and perceptions and experiences of the communities. Some of the researchers (such as Devkota 2014; Lockwood et al., 2015) have emphasized on the combination of local knowledge with scientific data to build and enhance the people"s understanding on climate risks and adaptation strategies.
Scope, Limitations and Gaps
Each research methodology focuses on specific tools, procedures and combination of tools/procedures considering the research focus, interest and questions as well as the issues, available resources, time and sectors. Each of these research methodologies has its specific scope and limitations. Dawson (2009) also agreed on specific strengths and weaknesses of each methodology. Many researchers apply the methodologies for the participatory action research and analysis, especially in the field of natural sciences such as agriculture, forestry, biodiversity mainly at local/community level (Ahmed et al., 2014 & Saccheli et al., 2016 For academic research, several other tools and computer-based models have been applied by the researchers to understand and predict the climate systems and its behaviors at the global to the national and also at the local levels such as general circulation models including statistical models. Mostly these models incorporate the statistical software that analyzes the atmosphere and ocean circulations to address the climate questions and assumptions. Many researchers use computer-based models of climate system to better understand the future climate issues and projections. They also use range of scenarios using various assumptions based on future economic, social, technological and environmental conditions (EPA, 2016) . It also focuses on frameworks for analyzing vulnerability and capacity to adapt at the community, households and individual level.
The gaps between research on climate change adaptation and policy still exist including the gaps in building capacities on climate forecasting, risk assessment, adaptive capacities of the farmers even conducting research on adaptation to deal with harsh climate (Ngeve et al., 2014) . Sterrett (2011) identified the gaps on additional information and statistical analysis related to climate and hydro-geological changes in the South Asian region. She further reported the necessity of better communication between decision makers and scientific community. Hinkel and Bisaro (2015) argued on complication of climate change research because of diverse analytical methods applied from natural and social sciences by using abstract and ambiguous terms such as vulnerability and adaptive capacity without considering wider array of social science. There are quite a large number of research papers on climate change adaptation with use of diverse research methodologies. These researches are multidimensional and multi-scalar in nature with integrated tools for analysis of climate change impacts and adaptation (Esteve et al., 2015) .
Discussion on Appropriate Research Methodologies for Climate Change Adaptation in Agriculture: A Case in Nepalese Context
Climate change impacts vary spatially and temporarily. In Nepalese context, the climate change impacts vary with the altitudinal, geographical and climatic variations. Further investigations are required to understand the complexity of climate change through detailed assessments (Antwi-Agyei et al., 2012). Since diverse research methodologies, approaches and tools are available, it is possible to apply appropriate research methodologies in the climate change researches even in Nepalese context. However, the reliable climatic data and data sources of multiple years at least for 30 years are crucial in the research, which is difficult in Nepalese context due to limited meteorological stations and geographical and climatic variations in the country. Karki et al. (2009) also affirmed that the researchers in Nepal have to still rely on literature review and scattered climatic information due to lack of long term high quality data for reliable analysis and predictions of climate change. The additional time, efforts, investments and capacities are required to gather and analyze climatic data because of challenge of extreme topography, thus, necessary to choose the appropriate and comprehensive methodology or approach for the adaptation research in Nepal. Not a single method or model has all the answers relating to climate change research. Thus, it is highly recommended to use different approaches and methodologies that complement each other (Sterrett 2011 ).
Climate change impacts are increasing over the years, which indicated climate crisis is real that needs urgent attention, short-term and long-term adaptation through joint, concerted efforts and interventions (Karki et al., 2009 ). Numbers of researches conducted by researchers and development agencies have also contributed in understanding and minimizing the climate crisis and impacts. It is found the specific research methodologies and/or combinations of methodologies are applied in climate change researches. Both qualitative and quantitative data and methods are utilized in these researches with specific research issues, problems and purposes. IUCN (2015) has emphasized on the combination of qualitative and quantitative methods in climate change research to understand and gather reliable data & information. Berrange-Ford et al. (2015) has also given importance on comprehensive research methods and tools in climate change adaptation and policy research.
Review of the literature and state of climate change adaptation policies and practices in agriculture is crucial to understand prior to plan for the research. Systematic review is a newly emerged review method in climate change discourse by defining research questions, inclusion and exclusion criteria including in depth review and analysis of the content and context in the research and literature. Berrang-Ford et al. (2015) and Sud et al. (2015) has also emphasized on research syntheses of climate adaptation focusing on review of adaptation policies and practices and frameworks. The formal systematic review was started in health sciences, but widely adapted in other sectors including climate change adaptation (Berrang-Ford et al., 2015) . It follows the combination of quantitative and qualitative analyses and complex iterative literature searches. Additionally, forward and backward citation tracking, snowballing method, personal communication and review of grey literatures will be integrated into the search methods.
Assessment of vulnerabilities, CC impacts and adaptation in agriculture has significant importance in climate change research in Nepal. National and regional scale multi-indicator vulnerability assessments are vital in assessing vulnerability across a large area (Antwi-Agyei et al., 2012) . The IPCC third Assessment Report has defined CC impacts, vulnerability and adaptation assessment (UNFCCC, 2004) . Vulnerability is associated with natural hazards like flood, droughts and social hazards like poverty etc. It is a function of the character, magnitude and rate of climate variation to which a system is exposed, its sensitivity and its adaptive capacity. The quantitative assessment of vulnerability is usually carried out by constructing a "vulnerability index" that depends on several set of indicators in a sector and also in a region. Furthermore, the vulnerability also depends on frequency of occurrence of extreme events such as flood, drought and landslide in the region. Basically, it is a numerical scale calculated from a set of variables selected by the researcher for the regions/districts, used to compare with one another or with some reference. Participatory approaches such as hazard mapping, seasonal calendar, historical timeline and vulnerability matrix are important in the community through focus group discussions. These assessments support in understanding the community, locality, climate change impacts, vulnerabilities, and adaptation strategies.
Sterrett (2011) also emphasized on these analytical tools for better understanding the context including secondary research, institutional mapping, policy analysis and additional participatory tools. It is also important to quantify and analyse the direct and indirect cost associated with adaptation (UNFCCC 2011). Cost benefit analysis (CBA) is an established economic tool for determining the economic efficiency of adaptation/development interventions (Mechler & The Risk to Resilience Study Team, 2008) . The CBA adds evidence base value for money of climate change adaptation and it is also used as a forecasting tool. The CBA also supports social accountability by engaging community in a concrete way (Oxfam 2013 Quang Ngo (2016) revealed that SUR Model the best option to overcome the gaps and weaknesses of univariate and multi-nominal discrete choice models. It further converges the unique maximum likelihood parameter estimates. This model is efficient than other estimation methods as it utilizes the present information in the cross-regression error correlation. Mandleni & Anim (2011) also revealed the application of Heckman selection model to estimate the determinants of an individual farmer"s decision to select adaptation.
Conclusion
Several research methodologies are available in climate change science concentrating diverse sectors (agriculture, forestry, livestock, water, health etc.) and at different levels (local to national and regional). Based on the research focuses and interests, the researchers have applied general and specific research methodologies as appropriate. Comparatively quantitative data analysis and appropriate tools and model analysis has dominated the climate change research than qualitative data. Combination of participatory research methodologies and model analysis utilizing primary and secondary sources of data is effective for the climate change research since climate change have multiple impacts at all levels. Literature review needs to be continuous throughout the research period starting from designing of the research plan to data analysis and finalization of the research outcomes.
The selection of appropriate research methodologies, methods, tools and approaches will depend on the research interests and local contexts. In Nepalese context, it is difficult to gather the climatic data because of existence of limited meteorological stations and reliable climatic data and diverse micro-climatic variations within small geographical areas. It is very crucial to carry out much of the researches on it since it has affected almost all livelihood sectors. Thus, combination of multiple research methodologies and tools including the literature review is recommended for the detail research on climate change adaptation in Nepalese context. The review and analysis of climate data and information through the use of participatory tools, econometric analysis with the use of qualitative and quantitative data are recommended in research on climate change adaptation in agriculture. 
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